The effective cross-section for quenching of sodium resonance radiation by the saturated and unsaturated hydrocarbons, tertiary amines and several diatomic molecules has been measured. The results indicate that with regard to quenching ability the gases fall into two groups, one comprising the saturated hydrocarbons and the inert gases and the other the unsaturated hydrocarbons and the amines. The difference in behaviour is too pronounced to be explained in terms of the discrepancy between the amount of energy the sodium atom gives up and the quenching molecule can receive, but may be attributed to the presence of unsaturation in the molecule. Within any one series the number of atoms in the molecule apart from the unsaturated centre seems to have little influence on the quenching ability, and it has been concluded that the quenching ability may be regarded as proceeding from a centre of unsaturation. The results have been qualitatively considered in the light of Stearn and Eyring's theory of non-adiabatic reactions, and in the terminology of the theory of the intermediate complex we may say that the presence of unsaturation manifests itself in a relatively large transmission coefficient.
The fate of electronic energy in photochemical processes is one of the principal problems in the elucidation of the mechanism of these reactions. In the most general case of the photolysis of a polyatomic molecule, the energy of excitation may be re-emitted as fluorescence, may give rise to unimolecular decomposition or be degraded into thermal energy by processes independent of collision, while other processes of reaction or degradation involving collisions may also occur. The simplest way in which these processes of degradation may be studied, dissociated from the com plications of chemical reaction, is by the study of the quenching of the resonance radiation of a monatomic gas, for in such systems there is but one process which is independent of collision, namely, the re-emission of the excitation energy as resonance radiation, while by a suitable choice of the -quenching substance we can limit at will the processes dependent upon collision to degradation, of the electronic energy or to chemical reaction.
Work of this type has been done on the quenching of the resonance radiation of several atomic vapours particularly that of mercury (Stuart 1925; Noyes 1927; Mitchell 1928; Bates 1928 Bates , 1930 Bates , 1932 Evans 1934) and sodium (Mannkopff 1926; Winans 1930; Terenin and Prileshajewa 1931, 1932; Kisilbasch, Kondratjew and Leipunsky 1932) . The data obtained for sodium are restricted to a few unrelated compounds and those for mercury suffer because there is the possibility of some ambiguity in their interpretation. Quenching of a mercury atom in the first excited level 3PX probably occurs more often through transfer to the near metastable 3P0 state rather than to the ground level 1S0. In contrast with mercury the first excited level of the sodium atom is not associated with any metastable state, and quenching must of necessity result in a transition direct to the ground state. The magnitude of the energy change involved is so large that we may expect to find quite different quenching relationships in these processes and possibly some indications of the factors in molecular structure which most influence the degradation of electronic energy to heat.
The effective cross-section mentioned above is a convenient quantitative measure of the quenching efficiency of a gas. It is defined as follows. The number of collisions per sec. per c.c. per excited atom is, according to kinetic theory, given by the expression 2 wo-2 ^{2ttRT{ 1IMX + 1 /M2)} = Zq , where n is the number of molecules of foreign gas per c.c. and Mx is the molecular weight of the atomic vapour and M2 the molecular weight of the foreign gas, and cr is the maximum distance between centres collision occurs. The value of cr2 which must be used in this relation to give the number of collisions per excited atom per c.c. which is required to account for the observed quenching, assuming every collision to be efficient, is called the effective cross-section.
The quantity measured experimentally in investigations on quenching is the quenching ratio Q which is the ratio of the amount of radiation emitted in the presence of foreign gas to that emitted in the absence of it. Z q , and consequently cr2, may be simply related to the quenching ratio if it be assumed that the presence of foreign gas does not affect the amount of radiation absorbed and if the radiation emitted is proportional to the concentration of excited atoms.
These conditions hold if the vapour pressure of the absorbing atoms is so low that only primary resonance radiation is emitted and if the effect of Lorentz broadening on the absorption line is negligible and if there is no appreciable absorption or emission stimulated by collision.
The ratio of the concentration of excited atoms in the presence of foreign gas to that in its absence is controlled completely, under these circumstances, by the probability of deactivation relative to that of emission of radiation in unit time. This ratio is equal to the quenching ratio. In terms of the collision frequency Zq and the lifetime r of an excited atom, the relatio
This is known as the Stern-Volmer relation. Since is proportional to the pressure of added gas a linear relationship between 1 and the pressure is indicated. If the above expression for Zq is substituted in this relation there is obtained an expression for c r2 in terms of the q concentration of quenching molecules and the lifetime of an excited atom.
The process of quenching is a collision of the second kind and as such has been considered from a quantum mechanical standpoint (Kallmann and London 1929 ; Morse and Stuckelberg 1931) . Calculations based upon hypothetical curves representing the potential energy of the interacting particles have shown that the effective cross-section for the process depends on the nature of the interaction between colliding particles, on the relative velocity before collision, and on the change of relative kinetic energy on collision, that is, on the difference between the amount of energy the excited atom has to give and the quenching molecule to receive. Experi mental data have given some support to the assumption that the effective cross-section increases with decrease of the discrepancy between the differences of energy level in the colliding particles. We would expect such a correlation to have general application only if the nature of the potential field of the interacting particles were related in a unique way to the value of differences of energy level in the isolated particles. If no simple relation holds we may expect that the effective cross-section will increase in regular manner with decrease in the energy discrepancy only in a particular series where the law of interaction of the particles is similar.
It is possible to apply Steam's and Eyring's treatment of non-adiabatic reactions (Steam and Eyring 1935) to the process of quenching. The process may be visualized as involving a transition between two energy surfaces, one representing the potential energy for configurations of the system composed of excited atom and quenching molecule, and the other for the system composed of normal atom and quenching molecule. This treatment emphasizes that three factors are dominant-in controlling the rate constant for the process, an entropy of activation, an energy of activation and a quantity which is the probability that a system in the activated state yields the products normal atom and molecule. This last quantity is a function of the slopes of the surfaces at the region of closest contact and of their energy difference and depends upon the velocity of the point representing the states of the interacting particles. In the absence of knowledge con
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cerning the intermediate states for particular sets of molecule and atom this method can only be used to consider the results from a qualitative standpoint. This treatment does, however, provide an illuminating method of classifying the factors which control quenching efficiency, and will be further considered later in this paper. It has been suggested that the effective cross-section for quenching is dependent on chemical forces of interaction which may be estimated by the heat of reaction of the reaction Na + AB -> Na A + B (Kondratjew and Siskin 1936 ). It appears that the quenching process and non-adiabatic reactions may be treated in almost identical fashion, but these two processes are quite distinct, and the potential surfaces for describing the processes are quite different. Even if the energy change in such a hypothetical reaction could be estimated it is difficult to see on what grounds it would be expected to be a quantitative measure of the effect of the factors which control quenching.
The main object of this work is to adduce more experimental evidence than is at present available as to the behaviour of different molecules in quenching the resonance radiation of sodium. Therefore we have used different homologous series attempting to assess in each case the specific qualities of molecular structure which can give rise to quenching.
We have found that with the saturated hydrocarbons quenching is slight, and is not markedly dependent upon the number of degrees of freedom. On the other hand, quenching is marked with molecules which possess a high degree of unsaturation, either in the form of double bonds or lone pairs of electrons. Apparently the magnitude of the energy discrepancy is not the main factor controlling quenching efficiency.
Experimental

Apparatus
The general experimental arrangement is indicated in figure 1 . The sodium lamp L, used as source, was a G.E.C. £ Osira ' laboratory model. It was mounted in a metal box-from which the radiation could escape via lens A to the quenching cell C and via tube R and mirror Q to the opalescent .screen S. The intensity of the illumination at the screen could be controlled by the iris I. The quenching cell had the form indicated and had a blackened light trap T opposite the observation window. This cell was placed in a double-walled metal box through which was circulated hot air. The air was heated by blowing it through a tube heated electrically, and its temperature was controlled manually. The temperature was observed by means of a thermometer, graduated in tenths of a degree, and could be kept constant to better than 0*2° C. The exciting beam entered the thermostat through the two glass windows M and the resonance radiation could be observed through two others N. The opalescent screen S served as comparison source with which the intensity of the resonance radiation could be compared with the aid of the photometer P. (The two sources were about 3-2 in. from the base of the instrument and effectively 2 in. apart.) Images of the The quenching of the resonance radiation of sodium 299 F igure 1. Apparatus.
two sources were formed in the eye aperture of the instrument, and the brightness of the two halves of the field were matched by means of a wedge adjustment W placed in the path of the radiation from the comparison source. The ratio of the two brightnesses Bx and could be obtained from the two scale readings Px and P2 with the relation log a(P where a is a constant for the instrument and had a value of 0-077 for light of wave-length 5890 A. The ratio of the readings obtained in the presence and in the absence of gas is the quenching ratio. Minor variations in the intensity of the resonance radiation due to variations in the lamp intensity were accompanied by corresponding variations in that of the comparison source and so did not affect determination of the quenching ratio. The photometer was built and calibrated by Adam Hilger, Ltd.
The tubing exterior to the thermostat was wound with nichrome wire up to the magnetically operated stopper J. Gas was admitted to the cell via this stopper and the stopcock K, from the vessel F. This vessel was connected with a glass Bourdon gauge and to bulbs for gas storage. The pressure in the quenching vessel could be determined by direct reading with stoppers
J and K open. Experiments showed that the use of stoppe and the heating of the tubing exterior to the thermostat was not necessary.
Sodium was purified and introduced into the quenching vessel by the method suggested by Dunoyer (1912) . The sodium was heated in vacuo for about 40 min. to a temperature at which sodium was distilling at an appreciable rate so that all oil enclosed in the metal might be removed. The bulb containing the sodium was then broken off from the vacuum line and was sealed into the end-bulb of a distillation chain. It was difficult to distil the sodium from this bulb because of the two glass walls, and the end bulb was therefore inclined so that the sodium on melting could run into the second bulb from which distillation was easy after sealing off the end one. Distillation and sealing off was continued until sodium was introduced into the tubing connected directly to the quenching vessel. During the distillation, the distillation chain was directly connected with the pump to remove any water or carbon dioxide that was introduced during the initial sealing in of the sodium. Sodium was then driven from the tubing into the quenching vessel, leaving however a mirror of sodium lining the walls of the connecting tubing.
Purification of materials
Helium was purified by passage through charcoal cooled to liquid-air temperature.
Methane was prepared by dropping methyl iodide dissolved in alcohol on to a copper-zinc couple. The gas was passed through a 20 % solution of fuming sulphuric acid, and was stored over a solution of sodium hydroxide and dried and purified by distillation in vacuo.
Ethane was prepared by the hydrolysis of zinc diethyl. The tube of zinc diethyl was broken in vacuo by a magnetic hammer, and water from which the air had been completely removed was allowed to drop on it. The gas evolved was passed over phosphorus pentoxide and fractionated before use.
Cyclohexane was a B.D.H. product specially purified for spectroscopy.
Iso-octane was a fraction of iso-octane obtained from 'Dr Schuchardt of Gorlitz'.
Methyl cyclohexane was a product of Howard and Sons. Propane and butane were cylinder gases fractionated several times before use.
Nitrogen was prepared by heating sodium azide in vacuo. It was first heated while connexion to the vacuum pump was maintained until it began to decompose. The quantity of sodium azide used during a preparation was small, as decomposition occurred with some violence.
Ethylene was prepared by dropping ethyl alcohol on to syrupy phosphoric acid which had been dehydrated and heated to 210° C. The preparation was carried out in vacuo and the gas passed through a trap cooled with solid carbon dioxide and ether and then over phosphorus pentoxide. The gas was fractionated from liquid air before it was used.
Propylene and butylene were cylinder gases fractionated in vacuo several times before use.
Pyridine was distilled, treated with KOH and then with sodium. Trimethyl amine was prepared from the hydrochloride by treatment with an aqueous solution of potassium hydroxide. The hydrochloride was purified by crystallization from alcohol, and the free base was dried over potassium hydroxide and was fractionated three times.
The ethers were both fractionally distilled and treated with sodium prior to use.
1-5-Hexadiene was fractionally distilled before use. Cyclohexene was a B.D.H. product and was fractionally distilled before use.
Carbon monoxide was prepared by dropping concentrated sulphuric acid on sodium formate and was purified by passage through solid carbon dioxide and ether, over soda lime and caustic potash and distillation in vacuo.
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Some difficulty was encountered in the initial experiments with a fading in the intensity of the radiation emitted from the quenching vessel after addition of a quenching gas. It was found however, that with an ample supply of sodium in the vessel this no longer occurred, and the relation between the quenching ratio and the pressure of quenching gas was the same on stepwise removal as it was upon stepwise admission.
Tables recording the quenching measurements have been deposited in the archives of the Royal Society; the results can be inferred from figures 2~and 3. The gases have, for convenience, been divided into two groups strongly and weakly quenching; it will be noted that experimentally the two groups are quite distinct. In figure 2, 1/Q is plotted against pressure for the strongly quenching gases and in figure 3, Q is plotted against pressure for the weakly quenching gases.
In pressure necessary to bring about a diminution in the intensity of the radiation emitted to 0*50 or 0*67 of that emitted in the absence of gas. As pointed out below the quenching ratio for this group of gases is Controlled almost entirely by the quenching process, and the values of the effective cross-sectibns calculated from these measurements are quantitative measures of the quenching efficiency. The calculations for the weakly quenching gases were made with values of the pressure necessary to bring about a value of the quenching ratio of 0-97. The choice of a value of the quenching ratio corresponding to low pressures was made because, as will be indicated, factors other than quenching exert an appreciable influence on the ratio at higher pressures. The values used in the calculations were estimated from figure 3 and obviously cannot be expected to yield quan- titative estimates of the cross-section, but they should indicate the order of quenching efficiency.
To the weakly quenching gases belong the saturated hydrocarbons and helium as well as other inert gases (Von Hamos 1932). It will be noted that the effective cross-section for the saturated hydrocarbons is in all cases much less than that holding in ordinary kinetic processes and increases somewhat with increase in complexity in the quenching molecule.
The unsaturated hydrocarbons belong to the strongly quenching group. Those with one double bond have an effective cross-section greater than the normal collision diameter, and this marked quenching ability increases slightly with increase in the length of the carbon chain but as indicated by the results obtained with the two butylenes, butene 1 and butene 2, is independent of the position of the double bond in the chain. Hexadiene with two unsaturated linkages possesses an effective cross-section con siderably greater than that of those compounds with only one. It is interesting to note that benzene, hexadiene and styrene have approximately the same quenching diameter.
Pyridine and trimethyl amine show very marked differences in quenching ability. Nitrogen, hydrogen and carbon monoxide have effective crosssections not far from the values indicated by the kinetic theory.
The results observed with styrene deserve special mention. After ad mission of styrene to the quenching vessel, the pressure of styrene decreased gradually to zero. The amount of quenching decreased with decrease in pressure and was equal in magnitude to that obtained when styrene was freshly introduced to that particular pressure. In view of the fact that styrene polymerizes slowly in the liquid phase at this temperature and that sodium does increase the rate of polymerization of other unsaturated hydrocarbons (Schulz and Husemann 1936, 1937 ) such a result is not unexpected.
Experiments were also carried out with butyraldehyde, diethyl ketone and diethyl selenide, but in all cases chemical reaction made the quenching measurements impossible or uncertain. Butyraldehyde and diethyl ketone were removed immediately by reaction with sodium. When diethyl selenide was admitted to the quenching cell a very pronounced diminution in the intensity of the radiation occurred. The intensity then rose reaching a maximum in about 2 min., after which it gradually decreased, finally reaching a constant value. During this interval the pressure in the quenching vessel increased to over twice the original.
Discussion of experimental method
As pointed out above, the experimental results may be simply interpreted only in the absence of imprisonment of radiation and of Lorentz broadening of the absorption line.
At a temperature of 150° C the resonance radiation appeared to come only from the path of the exciting beam, and as in this work the temperature of the sodium vapour was close to 130° C, at which temperature the vapour pressure is considerably less than at 150°, radiation imprisonment will have a negligible effect on these measurements.
In considering the effect of Lorentz broadening the division of gases used into the two groups strongly quenching and weakly quenching is convenient. For the strongly quenching gases collision diameters were calculated from measurements for which the gas pressure was less than 2 mm. of mercury. With the weakly quenching gases measurements were carried out at pressures up to 70 mm.
From the measurements on Lorentz broadening of the absorption line of sodium (Schiitz 1927), we may estimate that, at 130° C and with a pressure of helium of 5 mm. of mercury, the Lorentz breadth is less than 3 % of the Doppler breadth. As the effective cross-section for Lorentz broadening does not vary markedly from gas to gas we may assume that for the strongly quenching gases the effect of Lorentz broadening will be small compared with that of quenching. However, with the weakly quenching gases Lorentz broadening may have a considerable influence on the observed value of the quenching ratio, and the quenching curves for the weakly quenching gases indicate a deviation from linearity in the relation between 1 IQ and pressure. The quenching curve for helium indicates that at pressures of less than 40 mm. there is an increase in the intensity of the radiation above that emitted in the absence of gas. This may be the result of an increase in the absorption of radiation due either to Lorentz broadening of the absorption line or to collision-stimulated absorption and emission. It is impossible to estimate the contribution of these two effects, but the slope of the quenching curve for helium suggests that their net influence is not great at pressures less than 5 mm. At the higher pressures the effect of Lorentz broadening and shift may be to diminish the amount of radiation absorbed. This would seem to be the case with the saturated hydrocarbons whose quenching curves indicate a pronounced decrease in the radiation emitted at higher pressures.
Reaction of added gas with unexcited sodium atoms might cause a reduction in the intensity of the radiation emitted. As the pressure of gas is increased the rate of removal of sodium atoms by reaction is increased and their rate of supply by diffusion into the region considered is lessened. Consequently there will be a diminution in the concentration of sodium and in the amount of radiation absorbed from the exciting beam and consequently in the concentration of excited atoms. The drop in intensity will then be greater than it would be in the absence of reaction. Such behaviour is shown by the ethers (figure 4), the quenching curves of which indicate quenching at higher pressures far in excess of that to be expected from the Stern-Volmer relation and the low pressure values. A pronounced dependence of the quenching on the temperature is also shown. With increase in temperature the amount of quenching decreases markedly. Apparently the increased rate of supply of sodium atoms into the region observed more than compensates for any increase in the rate of removal by reaction at the higher temperature as far as any effect on the equilibrium concentration of the sodium is concerned. This behaviour may be contrasted with that of nitrogen for which the quenching curves remain linear and the amount of quenching increases slightly with increase of temperature. A dependence of the sodium atom concentration on the rate of diffusion of the sodium atoms might possibly give rise to local differences in the concentration of sodium atoms in the presence of foreign gas and con sequently to different quenching curves for observations from different sections along the illuminating beam. Quenching measurements carried out with nitrogen at different regions along the exciting beam indicated no appreciable variation in the quenching curves. Considered along with the fact that the quenching curves in which 1 IQ is plotted against pressure are linear and reproducible for the strongly quenching gases with the exception of pyridine, this evidence, while negative and particular, supports the suggestion that the removal of sodium atoms by reaction has a negligible effect on the quenching ratio. Pyridine when treated with sodium prior to use, yielded a reddish deposit and consequently it is not surprising th a t reaction with unexcited sodium atoms occurs at a rate sufficient to affect the quenching ratio.
With weakly quenching gases quite high pressures were used, and it is possible that the bend in the quenching curves is partly due to reactions of sodium vapour with a trace of impurity.
We may sum up these considerations by saying that the results for the strongly quenching gases may be taken to indicate quantitatively the quenching efficiency, but the results for the weakly quenching gases can give only semi-quantitative indications.
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The contrast in the behaviour of the hydrocarbons in the quenching of the resonance radiation of sodium and that of mercury is evident from Bates (1930 Bates ( , 1932 for mercury is listed along with ours for sodium. For the quenching of mercury resonance radiation a marked dependence of the effective cross-section of the saturated hydrocarbons is shown varying from a very small value for methane to one greater than the kinetic value for heptane. The results for sodium, on the other hand, indicate a small fairly constant effective cross-section for quenching by all the saturated hydrocarbons. Zemansky (1930) has con sidered that in the quenching process excited mercury is lowered to the nearby metastable 3P0 state by all the hydrocarbons, and with this assumption has used the data of Bates to examine the relation between the effective cross-section and the discrepancy between the amount of energy given up by the mercury atom and that which can be received by the hydrocarbon molecule. When the effective cross-section is plotted against the energy discrepancy a smooth curve can be drawn through the points, and this curve is also satisfactory for molecules such as nitric oxide, carbon monoxide and ammonia which possess appreciable dipole moments.
Discussion
Bates has pointed out that n-heptane did not fit into the curve, and that in view of the photosensitized reaction which occurs with all the hydro carbons except methane the metastable state is probably not the one attained in quenching. Norrish (1939) , on the other hand, has correlated the quenching of mercury resonance radiation by saturated hydrocarbons with the number of degrees of freedom of the quenching molecule. The figures of Bates shown above indicate a remarkable increase as we pass up the homologous series of paraffins and it seems probable that when the energy transfer involved in quenching is small, and of the order of magni tude of vibrational transitions in the quenching molecule, as it is with mercury (in the 3 P x -> 3P 0 transition), then in the absence of other influences such as unsaturation, the probability of quenching is largely determined by the number of vibrational degrees of freedom. In the quenching of sodium resonance radiation by hydrocarbons there is no possibility of photosensitized reaction and there is only one transition possible and that involves a change in energy in the sodium atom of 2*094 eV compared with the change of only 0*218 eV associated with the transition of the mercury atom to the metastable state. The pronounced difference in the behaviour of the saturated hydrocarbons with excited sodium and excited mercury may be due to this difference in the magnitude of the energy transferred, for it far exceeds the vibration levels of the quenching molecules.
The data for sodium indicate that we may divide the substances used into two groups, the first comprising the saturated hydrocarbons and the inert gases and possessing small cross-sections for quenching, and the second comprising unsaturated compounds-hydrocarbons with double linkages and amines with unpaired electrons-and possessing cross-sections for quenching near the ordinary kinetic values. The various values of the energy discrepancy for the saturated hydrocarbons cannot be sufficiently different from those of the unsaturated hydrocarbons to explain this pronounced difference in quenching efficiency. It may be noted that the molecules of the first group are inert and possess small external fields, while those of the second are unsaturated and possess large external fields. Apparently the sphere of ' quenching influence5 is somehow related to the magnitude of the external field. This is in contradiction to Zemansky's conclusion that the nature of the external field has little influence on the cross-section for the quenching process, but is not inconsistent with the theoretical work on collisions of the second kind (Kallmann and London 1929; Morse and Stiickelberg 1931) , where it is shown that the form of the quenching curve depends on the nature of the interaction between the particles concerned.
On the border of the second group may be placed hydrogen, nitrogen and carbon monoxide. Nitrogen and carbon monoxide may be regarded as possessing a potential unsaturation which will be made operative by the proximity of a sodium atom. Along with hydrogen 'they probably suffer greater distortion on the approach of a sodium atom than any other molecule of the group, as both the hydride and azide are easily formed. While this interaction brings about the conditions necessary for the transition process it is considerably less effective than the unsaturation conferred by the presence of a double carbon to carbon linkage.
The quenching process may be pictured as involving a transition of the representative point for the system, sodium atom and quenching molecule, from one potential surface to another. Eyring's expression for the specific rate constant for quenching as developed from such a picture is
where and AE are the entropy and energy of activation and k is the transmission coefficient. The entropy and energy of activation give quan titative expression to the factors which control the concentration of the quasi-molecule composed of excited atom and quenching molecule in the states from which transition to the lower surface may occur, and the transmission coefficient represents the probability that, once the repre sentative point is in the region of closest approach of the surfaces, transition to the lower surface and motion along it corresponding to separation of the atom and molecule occurs.
The influence of the energy and entropy of activation on the quenching efficiency is examined below, where it is pointed out that while it may be appreciable, it cannot be sufficient to explain the great difference in quenching ability shown by the two groups of quenching gases. The transition p r o b a b i l i t y , however, depending upon the nature of the potential surfaces, may vary enormously and is doubtless the factor to which pronounced differences in quenching ability may be attributed.
The large cross-section for quenching by the unsaturated compounds suggests that transition occurs at such a separation of atom and molecule that the repulsive force, and consequently the energy of activation, is small. For the saturated hydrocarbons there is the possibility that the potential surfaces approach only at distances so small that considerable repulsive forces are called into play, and so that there is an appreciable energy of activation. Measurements made with the saturated hydrocarbons at other temperatures indicated no marked change in the quenching efficiency, as would be expected if there were a large energy of activation. The expert mental evidence is not sufficient however, to draw from it any definite conclusions about the energy of activation.
An appreciable positive entropy factor indicates that there is greater randomness in the intermediate complex than in the normal atom and molecule and an appreciable negative factor indicates that the state for the intermediate complex demands some peculiar orientation of the molecule and the atom. (There must always, of course, be the factor corresponding to the condition that the atom and molecule are in each other's neighbourhood in the intermediate state.) Quenching, in general, may be expected to involve less distortion in the participating molecules than does chemical reaction, and consequently no great alteration in the randomness of the intermediate state compared with that of the separated atom and molecule. Likewise, although it is conceivable that the molecule might have to attain a peculiar orientation of its own atoms for quenching, there is no reason to suppose that this would be necessary for the substances employed in this work. On the other hand, a particular orientation of molecule relative to the excited atom may be necessary. The large effective cross-section for the unsaturated hydrocarbons, and the fact that its magnitude is nearly independent of the position of the double bond in the molecule, suggests that the necessity for orientation does not play an important part in this quenching process. The small effective cross-section of tri-methyl amine is consistent with the assumption that a peculiar orientation of the amine molecule relative to the excited atom is necessary. Pyridine, on the other hand, has a very large effective cross-section and may be classified with the compounds possessing double linkages and for which orientation is not an important prerequisite for transition.
A small variation in the effective cross-section in any series of compounds is to be expected on theoretical grounds, and is attributable to variation in the transition probability. Other factors remaining unaltered, the probability of transition depends on the velocity of the representative point in the region of the potential surface corresponding to the inter mediate state, and in the quenching process this runs parallel to the relative velocity of the sodium atom and quenching molecule, for with increase in molecular weight the average velocity of the molecule will decrease and the effective cross-section increase. In view of the small increase actually observed with the hydrocarbons with one unsaturated linkage it appears that the number of atoms in the molecule has little effect on the quenching efficiency. Indeed, we may think of the ability to quench as proceeding from the unsaturated centre just as we think of the ability of a large molecule to absorb radiation as belonging to a chromophoric group. Further evidence for such a view is furnished by the two butylenes, butene 1 and butene 2, which have the same effective cross-section for quenching. It is also interesting to note, in connexion with the sphere of 'quenching influence' surrounding a molecule, that hexadiene with two unsaturated linkages has nearly as great an effective cross-section as benzene and styrene. On m ain tain ed convective m otion in a fluid h eated from below B y Anne P ellew and R. V. Southwell, F.R.S.
(Received 1 July 1940)
T his p ap e r exam ines th e sta b ility in viscous liq u id of a s te a d y regim e in w hich th e te m p e ra tu re decreases w ith unifo rm g ra d ie n t b etw een a low er horizo n tal surface w hich is h ea te d a n d a n u p p e r h o rizo n tal su rface w hich is cooled. T he problem has been tre a te d b o th ex p e rim en tally a n d th e o re tic a lly b y B en ard , B ru n t, Jeffreys, Low a n d R ay leig h , a n d it is k n o w n t h a t in sta b ility will occur a t som e critical v alu e o f gh?Aplpkv, h d en o tin g th e thickness of th e fluid layer, A pjp th e fra ctio n al excess o f d e n sity in th e fluid a t th e to p as com pared w ith th e fluid a t th e b o tto m surface, k th e d iffu siv ity a n d v th e k in em atic viscosity. T he critica l v alu e d ep en d s u p o n th e co n d itio n s a t th e to p a n d b o tto m surfaces, w hich m a y be e ith e r 'f r e e ' or co n stra in e d b y rigid conducting surfaces.
T he th e o re tic al pro b lem is solved here u n d e r th re e d istin c t b o u n d a ry conditions, an d g re a te r g en e rality th a n before is m a in ta in e d in re g a rd to th e 'cell p a t t e r n ' w hich occurs in p la n . I n a d d itio n a n a p p ro x im a te m e th o d is described a n d illu stra te d , depen d in g on a sta tio n a ry p ro p e rty a k in to th a t of w hich L o rd R ay leig h m ad e w ide ap p lica tio n in v ib ra tio n th e o ry .
W ith in th e assu m p tio n s of th e ap p ro x im a te th e o ry (i.e. w ith neg lect o f te rm s of th e second order in resp e ct of th e velocities) a p a rtic u la r size is associated w ith every shape o f cell (such th a t 'a 2' ta k e s a p referre d v alue), b u t no p a rtic u la r shape is m ore likely th a n a n o th e r to occur in a la y er of indefinite e x te n t ( § 31). T he e x p la n a tio n o f th e a p p a re n t preferen ce for a hexagonal cell p a tte r n ( §5) m u st p resu m a b ly be so u g h t in a th e o ry w hich ta k es acco u n t of second-order te rm s. T his co n jec tu re if co rrect goes som e w ay to w ard s explaining th e r a th e r indefinite n a tu re o f o b serv ed cellform atio n s (cf. Low 1930, figure 10 ).
The physical problem 1. When in a stationary fluid some layer has greater density than others which lie below it, its equilibrium is plainly unstable in the sense th at even
